Establishing intravenous access is a common procedure being performed in the emergency department. Ultrasound guidance is useful for difficult intravenous cannulation. We compared a commercially available Blue Phantom™ and a self-made pork meat model for suitability of simulation based training. Methods: We recruited emergency physicians from two public regional hospitals in our locality. We also recruited Myanmar emergency physicians from an ultrasound course. They were given a 30-minute handson practice on both phantoms. Questionnaires, which asked about the practical feeling and overall impression of both phantoms, were distributed afterwards. Results: Thirty-nine emergency physicians with varied experience in ultrasound guided intravenous catheterisation enrolled in the study. The median score were 4 (i.e. agree) in seven out of eight pairs of questions. The practical feeling and overall personal impression were very similar between Blue Phantom™ and pork meat model. Conclusions: The suitability of self-made pork meat model was similar to Blue Phantom™ for the training of ultrasound guided IV catheterisation. Pork meat model can used as an alternative training tool. (Hong Kong j.emerg.med. 2016;23:153-158) 39 4
Introduction
Establishing intravenous (IV) access is one of the most common procedures being performed in the emergency department. Use of ultrasound (US) guidance for central venous catheterisation is recommended as a universal standard because it improves successful rate and reduces complications. [1] [2] [3] [4] Dated back to 2002, National Institute for Health and Care Excellence already suggested the use of US for the insertion of central venous catheters; and the physicians should undertake appropriate training to achieve competence. 5 Use of US guidance for peripheral vein catheterisation has also been advocated for patients with difficult peripheral IV access since 1999. [6] [7] [8] US guided procedure is operator dependent and acquisition of skill depends on the number of practice. For ethical reason and patient safety consideration, such training can only be performed in phantoms. Besides the commercially available phantoms such as Blue Phantom™, which are often expensive, some departments will opt for self-made phantoms. In the study by Andres Hunt, 9 they found the self-made phantom, which was mainly using gelatin gel, was more realistic and easier to use than the traditional self-made phantoms.
We compared a commercially available Blue Phantom™ and a self-made pork meat model for suitability of simulation based training for emergency physicians in performing US guided IV catheterisation. Blue Phantom™ is a training tool widely used and favoured by ultrasound trainers and trainees.
Method
Forty emergency physicians with varied experience in US guided IV catheterisation were enrolled in the study. We recruited emergency physicians from two public regional hospitals in our locality. We also recruited Myanmar emergency physicians from an US course. This study was done in the period from April to July, 2013.
A 30-minute didactics was given to the participants before the catheterisation. PowerPoint with US images of human tissue were shown. They would then have a 30-minute hands-on practice on US guided IV catheterisation in both blue and pork meat phantoms. Questionnaires were distributed afterwards.
The participants practiced with different US machines, Esaote My Lab™ 30/60/90/alpha, determined by the availability. High frequency linear transducers, LA533 were used. The default frequency was set to 12MHz. 18 gauge IV catheters (Braun Introcan Safety ® , Germany) were used for all the catheterisations.
The self-made pork meat models were constructed with pork meat bought from wet market and latex tubing by the following method ( Figure 1 ): Blue Phantom™ was available commercially. Its schematic diagram was shown in Figure 2 . It was ultra-durable and the realistic simulated human tissue provided users an extremely realistic training model. Positive fluid flow was noted when vessels are accurately accessed. It also had selfhealing property. 10 The price per phantom was about HKD 3,000, which was about 100-fold of each pork meat model. Ultrasound image of angiocatheter and vein in longitudinal plane in the pork meat model and Blue phantom™ were shown in Figure 3 .
The questionnaires contained 8 pairs of questions regarding properties, suitability and overall impression of the phantoms for simulation training. The comparison of the practical feeling of both phantoms was shown in Table 1 ; whilst the comparison of the overall impression was shown in Table 2 . The emergency physicians were required to answer the questions according to a five-point Likert Scale (from strongly disagree, disagree, neither, agree to strongly agree) which corresponded to score 1 to 5 respectively. They needed to give scores for both phantoms.
Statistical analysis
The data from the questionnaire was analysed by median and interquartile range (IQR) to determine any difference in the rating of the five-point Likert scale between the commercial and pork meat phantoms. The above statistical tests were performed by IBM SPSS Statistics (IBM SPSS Statistics v19.0, NY, USA).
Ethical issues
There was no ethical issue concerned in this study as it did not involve real patients nor any privacy. 
Results
A total of 40 physicians were recruited in this study. The result was showed in Tables 1 and 2. One of them did not complete the questionnaire as she was not able to have a try on pork meat model. Therefore, 39 participants were used for analysis.
The median score were 4 for all questions except one, i.e. the feeling of cannulating a vessel inside pork meat model resembling that of a human vessel, which was only 3. Thus, the practical feeling and overall personal impression were very similar between the blue phantom and pork meat model.
There was a great variation of feeling of advancing a needle inside body of the blue phantom. Despite both of the phantoms got a median score of 4, the IQR ranged from 2-4 for the blue phantom. Despite both of the phantoms got a median score of 4, the IQR was 2 for the blue phantom. Further breakdown of the result showed the median score of 22 local physicians was 2.5 (IQR 2) for the blue phantom and remained at 4 (IQR 0) for pork meat model.
Discussions
Establishing IV access is daily practice for most of the emergency physicians. However, the easy ones will be done by nurses in our setting and the remainders will usually be the most difficult ones. With the help of US machine, it helps to improve our success rate. In a meta-analysis of 18 trials with 1646 participants, real time two dimensional US guidance for cannulating the internal jugular vein was associated with a significantly lower failure rate and quicker catherisation. 3 Moreover, practice makes things perfect. Apart from supervised practices in real patients, animal models or artificial phantoms have been developed to simulate the human body tissues so as to allow beginners to gain experience and learn from their mistakes without risking patient care. There are a lot of different artificial phantoms for ultrasound training in the market. The advantages of these phantoms are readiness-to-use, reusability and cleanliness. But their main disadvantage is the high price tag. Therefore low-cost improvised model was invented, e.g. gelatin. In a recent study by Cheruparambath, they improved the gelatin model by adding finger millet flour. 11 Thus the model was able to come quickly to the native state with heating and resetting to eliminate the needle tracks.
In this study, we explored an alternative way for practicing US guided IV catheter simulation training. A piece of pork meat and a length of latex tubing were used to simulate blood vessel for US guided catheterisation. The advantage of pork meat was widely available in Hong Kong and relatively cheap (the cost was about one-hundredth of the Blue Phantom™). The texture of the pork meat was similar to human tissue while the latex tubing resembled the blood vessel and allowed repeated punctures. In a study performed by Jennifer et al, in which turkey phantoms were used, the researchers found that the success rate of attempted US-guided core-needle biopsy improved from 56% to 87%; the difficulty in visualising the needle also reduced from 49% to 5% after practicing on turkey phantom. 12 Participants gave high scores to both phantoms and most of the median scores were 4, which meant both phantoms were compatible and suitable for practice.
Comparing the median and IQR of the US images of the resemblance of the vessel and needle to the human body, they were virtually the same between two phantoms. Despite the median scores were the same for question 4 − the similarity between the phantoms and human soft tissue, the IQR were quite different, which was 2 in the blue phantom and 0.5 for pork meat model respectively. With further breakdown of the result, the median score of 22 local physicians was lowered to 2.5 (IQR 2) for the blue phantom and remained at 4 (IQR 0) for pork meat model. It could be related to local physicians were more demanding for higher quality of phantoms for practice.
In question 5, the scores of feeling of catheterising a vessel was higher in the blue phantom than the pork meat model. However, both IQR were 1, which were again similar. This could be explained by the fact that it was easier to insert a needle and puncture into the lumen in Blue Phantom™ than in pork meat model. The tough skin and latex tubing in the pork meat model had some resistance to puncture so technically it was more demanding to practice in pork meat model. Obviously easier puncture and higher successful rate could give the participants more confidence. However, this level of confidence might be false reassuring because those who were confident in cannulating Blue Phantom™ might have difficulty in the real human beings during their clinical practice if they were inexperienced. Thus a better phantom which could resemble more realistically human tissue and the feeling of venous puncture was required for training before practicing in real patients.
Needless to say, pork meat would be less hygienic than Blue Phantom™. The sensation of putting the US probe and gel to the pork meat would be worse than the blue one. The hygiene issue might affect the overall impression which caused a wider IQR for pork meat model.
From the results in this study, we opined that the suitability of self-made pork meat model was similar to Blue Phantom™ for the training of US guided IV catheterisation. The practical feeling and the overall personal impression were very similar in both phantoms. Pork meat model could be an alternative option if Blue Phantom™ was not available, e.g. in some developing countries or remote area where the logistic or the time to buy a Blue Phantom™ was limited and a piece of pork meat, latex tubing and colour dye were more readily available, a homemade phantom might be considered.
Limitations
The 39 emergency physicians had different durations of practice in emergency medicine and different experience in ultrasonography. This might affect the final results on the feeling of needle advancement and catheterising a vein. The size and the thickness the pork meat, and the depth where the latex tubing was laid were difficult to standardise. This might affect the ease of puncture and the sonographic appearance of the simulated blood vessel. Moreover, the Blue Phantom™ was not a new one. There were some gas bubbles and previous needle puncture marks inside the phantom. This might also affect the appearance in ultrasound.
